The absorption and fluorescence characteristics of (E)-3-(furan-2-yl)-1-(4-nitrophenyl)prop-2-en-1-one (FNPO), (E)-1-(4-aminophenyl)-3-(furan-2-yl)prop-2-en-1-one (AFPO) and (E)-3-(furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one (FHPO) were recorded in eighteen different solvents with increasing polarities at room temperature. The solvatochromic effects on absorption and fluorescence spectra have shown bathochromic shifts from non-polar to polar solvents for the reported molecules due to intramolecular charge transfer (ICT) interactions. It has indicated a large difference in dipole moment between electronically ground and excited states and the molecules were found to be more stabilized in singlet excited state than the ground state. The ground and excited state dipole moments of FNPO, AFPO and FHPO were determined experimentally by solvatochromic shift method using Bilot-Kawski, Lippert-Mataga, Bakhshiev, Kawski-Chamma-Viallet and Reichardt's microscopic solvent polarity functions. HOMO-LUMO energy values of FNPO, AFPO and FHPO were determined using cyclic voltammetry and compared with those values obtained by TD-DFT (B3LYP/6-311G(d,p)) method.
Introduction
In the past few decades, studies on photophysical properties of organic uorescent compounds have been a subject of intensive investigation due to their potential applications in optoelectronics, biomedical imaging and uorescence sensors.
1-3 Chalcones, with donor-p-acceptor moieties separated by a keto vinyl group are known well effective photosensitive materials and have exhibited considerable photophysical and photochemical properties. 4 Chalcone derivatives are extensively used in optoelectronic elds such as photorefractive polymers, 5 nonlinear materials, 6 chromophore sensors, 7 uorescent probes for determination of metal ions, [8] [9] [10] [11] sensing of DNA 12 and in the study of photo-alignment layer of liquid crystal displays. 13 In addition, chalcones are well known for biological activities such as anti-inammatory, 14 antibacterial 15, 16 anti-parasitic, 17 antitumor 18 and antifungal. 19, 20 This is due to a, b unsaturated keto group (-C]C-C(-)]O) and nonplanar structure 21, 22 present in chalcones. A compound having donor-acceptor functionality with conjugation called a pull-push system, displays interesting photophysical properties. Dipole moments give insights into charge distribution, 23 electron density, 24 electronic and geometrical structure of the molecule and also conrm ICT process in the molecules. Therefore, estimation of dipole moments is of considerable interest as it is quite helpful in designing new molecules for non-linear optical materials.
Various methods such as thermochromic shi method, 25 Stark effect, 26 uorescence polarization, 27 microwave conductivity, 28 electric dichroism 29 have been reported for the determination of dipole moments of uorescent molecules. But, uses of these methods are limited as they are less sensitive and restricted to small molecules. Among these, solvatochromic shi method has been a widely accepted method for the determination of ground and singlet excited dipole moments because of linear correlation between spectral parameters and solvent polarity functions. [30] [31] [32] There are considerable reports on the determination of ground and singlet excited state dipole moments using solvatochromic approaches for various chalcone derivatives such as substituted naphthalene triazole, thienyl, chloroquinoline, benzylidene benzosuberones, pyrrolnaphthalene, isatin based chalcone derivatives, indole based naphthalene and thiophene derivatives. [33] [34] [35] [36] [37] [38] [39] However, no literature was found on the determination of ground and singlet excited state dipole moments for FNPO, AFPO and FHPO. The titled molecules were synthesized (Scheme 1) by Claisen Schmidt condensation reaction 40 and characterized by IR, 1 H NMR, 13 C NMR and mass spectrometry. The molecular structures of the studied molecules have been depicted in Fig. 1 . The present study focuses on determination of ground and singlet excited state dipole moments of synthesized molecules using solvatochromic shi method. Bilot 
Results and discussion

Spectral properties
The electronic absorption and uorescence spectra of FNPO, AFPO and FHPO were recorded in eighteen different solvents with increasing polarities from non-polar to polar at 10 À5 M concentration. The absorption and uorescence spectra for FNPO have been presented in Fig. 2 and 3 respectively. Solvent parameters such as polarity, dielectric constant and polarizability play an important role to in inducing changes in intensity, position and size of absorption and uorescence spectra. (Tables S1 and S2 ESI †) . On increasing solvent polarities, Stokes shi values were found to vary from 4768 to 5568, 4926 to 5446 and 5042 to 5551 for FNPO, AFPO and FHPO respectively. These large differences in Stokes shi values (800 cm À1 , 520 cm À1 and 509 cm À1 for FNPO, AFPO and FHPO) indicated bathochromic shi and ICT due to p / p* transition and conrmed that the molecules were more stabilized in polar solvents than in nonpolar ones. The bathochromic shis have arisen due to the strong interaction of singlet excited state solute molecules with polar solvents leading to a large charge distribution between ground and singlet excited state of solute molecules. The spectral bathochromic shis and Stokes shis were found to be more important in FNPO than in AFPO and FHPO, due to the greater electronic delocalization in the former compound than in the later ones, and to the respective, different electron-withdrawing and electron-donating effects of these substituents.
The quantum yield of FNPO, AFPO and FHPO were determined using single point method to study the solvent induced spectral changes and solute-solvent interactions. Anthracene in ethanol was used as a standard reference. The quantum yields have been determined using eqn (1) for FNPO, AFPO and FHPO in ethanolic medium and were found to be 0.12, 0.18 and 0.20 respectively. In case of FNPO, ICT state was more stabilized in polar environment due to effective hydrogen bonding between polar functional group of uorophore and solvent molecules. This effectively quenched uorescence emission and enhanced the non-radiative decay rate.
where f std represented quantum yield of standard reference 0.27 (anthracene), 49 I S and I R were the integrated peak area of sample and standard reference, OD R and OD S were the optical densities of standard reference and sample, and h S and h R were refractive indices of solvent and standard reference respectively. The ratio of the squares of refractive indices was taken as 1.
Solvatochromic analysis for the estimation of ground and excited state dipole moments Solvatochromic behavior of FNPO, AFPO and FHPO were analyzed using linear correlation methods 47 proposed by BilotKawski, Lippert-Mataga, Bakhshiev, Kawski-Chamma-Viallet and Reichardt. Spectroscopic properties have been correlated with different solvent polarity scales to estimate the experimental value of singlet excited state dipole moment. The solvent polarity functions f(3,n), f(3,n), F 1 (3,n), F 2 (3,n) and F 3 (3,n) were calculated using eqn (2), (3), (9), (10) and (11) respectively for eighteen different solvents of increasing polarities (given in Table 2 ). The ground state dipole moments (m g ) of FNPO, AFPO and FHPO were determined by quantum chemical calculation using Gaussian 09W program and were found to be 3.66 D, 3.61 D and 3.58 D respectively. Theoretically obtained ground state dipole moment values were used for the calculation of singlet excited state dipole moment (m e ) by solvatochromic shi methods. Based on Bilot-Kawski correlation method, ground state dipole moments of the reported titled molecules were obtained as 5.87 D, 5.72 D and 7.13 D respectively. Linear graphs of n a À n f vs. f(3,n), n a + n f vs. f(3,n), n a À n f vs. F 1 (3,n), n a À n f vs. F 2 (3,n), n a + n f /2 vs. F 3 (3,n) and n a À n f vs. E from n a + n f vs. f(3,n), n a À n f vs. F 1 (3,n), n a À n f vs. F 2 (3,n), n a + n f /2 vs. F 3 (3,n) and n a À n f vs. E N T were used to determine the singlet excited state (m e ) for FNPO, AFPO and FHPO.
From solvatochromic analysis of FNPO, AFPO and FHPO, correlation coefficient values were found to be greater than 0.90, thereby indicating good linear square tting of these correlations. 50 The correlation graphs of n a À n f vs. f(3,n) and n a + n f vs. f(3,n) were plotted according to Bilot-Kawski method. The slopes m
(1) and m (2) obtained from Bilot-Kawski plots based on eqn (2) and (3) have been used in eqn (4) and (5) to calculate ground state dipole moment (m g ) and singlet excited state dipole moment (m e ) respectively. The ground (m g ) and singlet excited state dipole moments (m e ) were found to be 5.87D and 8.05D (FNPO), 5.72D and 7.28D (AFPO) and 7.13D and 8.42D (FHPO) respectively and have been tabulated in Table 4 . As can be seen in this table, signicant differences were found for the singlet excited state dipole moment (m e ) values of chalcone derivatives, depending on the type of solvatochromic relationship. These differences in the m e values are very probably due to a number of assumptions and approximations utilized in these solvatochromic methods, as pointed out in the literature. [51] [52] [53] [54] [55] [56] The difference in dipole moment between ground and singlet excited states suggests that the molecules have considerable charge distribution in singlet excited state and hence play an important role in ICT process.
where, f ð3;
The dielectric constant (3), refractive index (n) and microscopic solvent polarities have been taken from literature. 
The slopes m 1 (Lippert-Mataga), m 2 (Bakhshiev), m 3 (KawskiChamma-Viallet) and m 4 (Reichardt) were obtained from the linear plots of ( n a À n f ) vs. F 1 (3,n) (Lippert-Mataga), F 2 (3,n) (Bakhshiev), ( n a + n f )/2 vs. F 3 (3,n) (Kawski-Chamma-Viallet) and ( n a À n f ) vs. E N T (3,n) (Reichardt), plotted for FNPO, AFPO and FHPO based on eqn (6), (7), (8) , and (19) . The solvatochromic graphs for FNPO have been presented in Fig. 4 . Similar solvatochromic linear plots for AFPO and FHPO have also been plotted ( Fig. S3 and S4 ESI †). The obtained slopes, intercept and correlation Table 3 . Using these slope values, corresponding singlet excited state dipole moments (m e ) were calculated for FNPO, AFPO and FHPO using eqn (12)- (14) and (20) and were tabulated in Table  4 . [51] [52] [53] [54] [55] [56] The singlet excited state dipole moment values were found to be higher than that of ground state thereby conrming that the molecules were more polarized in singlet excited state than in the ground state. It also suggests that the molecules have strong solute-solvent interaction causing large charge distribution in the singlet excited state. The ratio of singlet excited state dipole moment and ground state dipole moment (m e /m g ) and angle (f) between them were estimated using eqn (17) and (18) . The Onsager radii (a) for FNPO, AFPO and FHPO were calculated using Edward's increment method 58 (eqn (21)) and were found to be 3.66, 3.61 and 3.58 respectively. 
where, m 4 ¼ 11 307:6 Dm
11 307:6ð6:2=aÞ
where M, d and N A are molecular weight, density and Avogadro's no. of solute molecules.
Multi-parametric correlations
The multiple linear regression analyses proposed by KamletAbboud-Ta 59 and Catalan 60 have been used to correlate absorption maxima, emission maxima and Stokes shi energies.
61-63
where y and y 0 were solvent dependent physiochemical property and gaseous statistical quantity respectively. Independent solvent parameters such as p*, a, b, SP, SdP, SA and SB quantify solute-solvent interactions whereas a p* , b a , c b , a SP , b SdP , c SA and d SB reect the sensitivity of physical property y in a given solvent with various solvent parameters. The Kamlet-Abboud-Ta and (20) .
k The ratio of excited state dipole moment and ground state dipole moment calculated from eqn (17) .
l The angle between ground state dipole moment and excited state dipole moment. 
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Catalan solvent parameters for AFPO and FHPO (Tables S5 and  S6 ESI †) were used to measure solvent's ability to stabilize dipole or charge of molecules through nonspecic or specic interactions. Nonspecic interactions were measured using solvent's dielectric parameters such as p*, SP (solvent polarity) and SdP (solvent dipolarity) whereas specic interactions were measured using a or SA (hydrogen bond donor strength) and b or SB (hydrogen bond donor strength) according to eqn (22) and (23). The results obtained from multiple linear correlation of Kamlet-Abboud-Ta and Catalan equations have been shown in Tables 5 and 6 . The results of Kamlet-Abboud-Ta and Catalan solvent scales have conrmed bathochromic shi in absorption and uorescence spectra on increasing polarities due to negative values for all the parameters in eqn (22) and (23) . Large values of dipolarity/polarizability (p*) and solvent acidity (a) correlation regression coefficients reect their higher contribution towards bathochromic shis and solute-solvent interactions. The changes in absorption and uorescence spectra were controlled mainly by dipolarity/polarizability and hydrogen bond donating ability of the solvents. Fluorescence spectra have indicated better correlation between KamletAbboud-Ta solvent scales and spectroscopic parameters than the absorption spectra. It can be conrmed that the electronic structure of ground and singlet excited state of FNPO, AFPO and FHPO differ signicantly and the singlet excited state was more polarized than the ground state. Hence the dipole moments of singlet excited state of FNPO, AFPO and FHPO were found to be more than the ground state dipole moments.
In the case of Catalan solvent scales, the correlation regression coefficient values of polarizability/dipolarity and acidity were found to be more than the basicity of solvents. This conrms that polarizability and acidity of solvents play an important role in the bathochromic shis of absorption and uorescence spectra and solute-solvent interactions. Moreover, the large correlation coefficient values for uorescence spectra have conrmed that the electronic structure of ground and singlet excited states of FNPO, AFPO and FHPO differ signi-cantly. Hence, the dipole moment values of singlet excited state of FNPO, AFPO and FHPO were found to be more than the ground state dipole moments. This indicates that the titled molecules have both nonspecic and specic interactions.
Theoretical investigations
Quantum chemical calculations. The molecular geometry of FNPO, AFPO and FHPO were optimized and their HOMO-LUMO energy values were determined by TD-DFT (B3LYP/6-311G(d,p)) and have been depicted in Fig. 5 and 6 respectively. The frontier molecular orbitals (HOMO and LUMO orbital) play a vital role in understanding the electronic structures and transitions due to their electron donating and accepting abilities. The energy gap values were calculated between HOMO and LUMO energy levels for the reported molecules and have been presented in Fig. 6 , which helps to describe the chemical reactivity, chemical soness and hardness, thermal and kinetic stability, optical polarizability as well ICT transition in the molecules. Table 7 . The low values of energy gap suggest that the molecules were more reactive, so Table 5 Estimated coefficients (y 0 , a p* , b a , c b ), their errors and correlation coefficients (r 2 ) for multi-linear correlation analysis of n a , n f , D n of FNPO, AFPO and FHPO as a function of Kamlet-Abboud-Taft solvent scale (eqn (22) and have easier p / p* electronic transition. The positive and negative phases of HOMO-LUMO orbitals have been represented in red and green regions. In FNPO, the HOMO orbitals were localized in fural part whereas LUMO orbitals are localized from carbonyl group to nitro group. Therefore, delocalizaion of electrons occur from fural to carbonyl and nitro group of phenyl ring. This can be conrmed by Mulliken charge density plot of FNPO. The electron densities of O5, O14, O25 and O26 atoms were found to be À0.4724, À0.3534, À0.1447 and À0.2887 respectively, thereby indicating the oxygen atom of fural has more electron density than that of nitro group. HOMO orbitals of AFPO and FHPO were localized in amine and hydroxyl group of phenyl ring whereas LUMO orbitals were localized in carbonyl group and partially in fural group. According to Mulliken charge density of AFPO and FHPO, nitrogen atom (À0.4495) of amine group and oxygen atom (À0.5929) of hydroxyl group have more electron density than oxygen atom (À0.3135 and À0.3593) of carbonyl group from AFPO and FHPO respectively. Thus, charge transfer occurs from amine and hydroxyl group to carbonyl group in both AFPO and FHPO. Mulliken charge density parameters have been given in 
The obtained values of GCRD parameters are tabulated in Table 8 .
Cyclic voltammetric determination of HOMO-LUMO. Electrochemical properties such as oxidation and reduction potentials of FNPO, AFPO and FHPO were recorded by cyclic voltammetry in acetonitrile medium using LiClO 4 as electrolyte and have been presented in Table 9 . HOMO and LUMO energies of the molecules were calculated using oxidation and reduction potential values respectively. 65 The band gap of FNPO, AFPO and FHPO were calculated from HOMO-LUMO energies. Low band gap of the titled compounds indicate that the molecules were highly reactive. The cyclic voltammograms of FNPO, AFPO and FHPO have been depicted in Fig. 7 .
Experimental
Materials and methods
All the chemicals and reagents were purchased from Sigma Aldrich Chemical Company, were of analytical grade and used as received. A thin layer chromatography (TLC) using aluminium plates pre-coated with silica gel 60 F 254 (mesh) were used to conrm the completion of the reactions. Spots were observed under UV light to ensure the purity of the product. Melting points of synthesized molecules were recorded on electrothermal digital melting point apparatus (Veego, VMPD) and were uncorrected. FTIR data were collected on a Bruker FT/IR spectrometer (Alpha-T) with KBr pellets. 1 H and 13 C NMR spectra were recorded on a Bruker (400 MHz) spectrometer using DMSO/CDCl 3 as solvent and TMS as internal standard. GC-MS/ HRMS data were measured using mass spectrometer (Thermo Trace GC Ultra/Thermo DSQ II). Cyclic voltammetric measurements were carried out on CH1608E analyser and oxidation and reduction potential is of FNPO, AFPO and FHPO were recorded using a three electrode cell (platinum as the working and counter electrode and scanning calomel electrode as the reference electrode). The scan rate was 100 mV s À1 and the supporting electrolyte was LiClO 4 (10 À3 mol L
À1
) solution in acetonitrile. Absorption spectra have been recorded on a Shimadzu UVVisible 1800 spectrophotometer. Fluorescence spectra were obtained on Shimadzu RF-5301PC spectrouorometer. All the solvents of different polarities, used for the study of solvatochromic behavior were of spectroscopic grade. Solutions were prepared in 10 À5 M concentration to avoid self-absorption and aggregation formation. All plots under solvatochromic and quenching studies were analyzed using Origin 8.0 Professional program. All theoretical calculations have been performed using Gaussian 09 program. Quantum chemical calculations were employed to determine the ground state dipole moments of FNPO, AFPO and FHPO. 47 
Synthesis
General procedure for the synthesis of chalcone derivatives. To a solution of furan-2-carbaldehyde (0.01 mol) and acetophenone derivatives (0.01 mol) in ethanolic medium (10 ml), NaOH (40%) was added dropwise, and the reaction mixture was stirred at 25 C for 24 h. This was kept in a refrigerator and allowed to stand overnight. The crude product was separated by ltration, dried and puried by recrystallization from ethanol. Characterization of (E)-3-(furan-2-yl)-1-(4-nitrophenyl)prop-2-en-1-one (FNPO (E)-3- (Furan-2-yl)-1-(2-hydroxyphenyl)prop-2-en-1-one (FHPO 
Conclusions
Photophysical properties of FNPO, AFPO and FHPO were studied in a series of solvents with increasing polarities. Absorption and uorescence spectra were recorded for eighteen different solvents and the spectral properties of FNPO, AFPO and FHPO were calculated. Large difference of Stokes shi values with increasing polarities for all the molecules have indicated that the bathochromic shi of absorption and uo-rescence spectra can be attributed to p-p* transitions. It suggests that all the molecules were more solvated in singlet excited state than in ground state. The singlet excited state dipole moments were calculated using solvatochromic shi methods and were found to be signicantly higher than that of ground state. It conrmed that considerable charge separation occurred between singlet excited state and ground state. This was mainly due to ICT process associated with donor-acceptor moiety. All the molecules were found to be more reactive due to low band gap energy. Therefore, FNPO, AFPO and FHPO can be considered as potential candidates for uorescent probes, luminescent materials and optoelectronic devices.
